because it improves our understanding of the impact of symptoms on persons' lives and enables us to evaluate how treatment affects persons' functioning and well-being. 7 Numerous generic and disease-specific scales that measure HRQOL after stroke are available. Generic instruments are frequently used to compare HRQOL outcomes across populations and diseases, while disease-specific instruments assess more nuanced states or concerns of specific diagnostic groups. 8 A limitation of generic instruments is the lack of specificity regarding the quality of life-related consequences of a particular condition, such as stroke. 9 Furthermore, they do not detect clinically relevant changes in HRQOL for a specific condition. 10 The Stroke-Specific Quality of Life (SS-QOL) scale is a HRQOL measure that is specific and clinically relevant for assessing persons with stroke. The SS-QOL scale is a multidimensional PRO measure that assesses specific aspects of functioning and HRQOL issues relevant to ischaemic stroke survivors. As part of a current multicentre stroke study in Norway and Denmark, we decided to adapt the SS-QOL. However, although it has been validated and applied in Denmark, it has not been validated for use in Norwegian stroke survivors.
The original SS-QOL questionnaire measures 12 domains with 49 items. The domains and items were derived from interviews with stroke survivors in the United States. 11 The SS-QOL scale has also been validated for persons with aneurysmal subarachnoid haemorrhage. 12, 13 The validity of the SS-QOL scale has been examined in persons after stroke in various countries, for example, in Denmark with an ischaemic stroke population, 14 Nigeria (Yoruba language), 15 Mexico, 16 and Germany, where a short and long version for survivors of haemorrhagic or ischaemic stroke has been validated. 17 A version with 8 instead of 12 factors was proposed that replicated the eight factors well. Hsueh et al. 18 compared the construct validity of the 8-and 12-domain versions but favoured the latter, as it covered additional domains, thereby enhancing participants' perspectives on HRQOL.
The objective of this study was to (1) translate and crossculturally adapt the 12-domain SS-QOL scale, version 2.0, into Norwegian for persons with ischaemic and haemorrhagic stroke; (2) examine the scale reliability (internal consistency) and test-retest stability, and (3) assess aspects of the construct validity of the Norwegian scale.
Methods

Participants
This validation study was part of a multicentre cohort study, including persons 18 years or older with acute ischaemic (I63) or haemorrhagic stroke (I64). Persons with stroke admitted to one of the three stroke units at the University Hospital of North Norway who were living in the region were invited to participate. Stroke survivors excluded from the Norwegian National Stroke Register were also excluded from this study, for example, those with stroke related to brain malignancy, subarachnoid haemorrhage and/or traumatic brain injury (TBI).
From March 2014 through December 2014, this study prospectively included 125 participants who completed or nearly completed the SS-QOL questionnaire at 3 months after stroke. These participants accounted for 58% of the 214 eligible stroke survivors during the defined recruiting period (Figure 1 ). The response rate was 78% (125 of 161 eligible), and among these, 41 participants (33%) received support filling out the forms. The size of the recruited sample was based on the sample size used in comparable published studies examining related research hypotheses. 14 Table 1 shows the sociodemographic and stroke characteristics of the 125 participants. The median age was 72 years (range 25-96 years). Over 90% lived in their homes at 3 months, and 73% did not need any assistance.
Data collection procedures
Stroke survivors were informed about the study by nurses in the stroke units or by health professionals responsible for updating the information in the Norwegian National Stroke Register. Each hospital had one to three local health professionals who collected all the data and asked for participants' written consent, which was obtained prior to commencing the study. A questionnaire package was mailed to the participants' home address 3 months post stroke. Marital status, education and work status were collected from the questionnaires. Information on age, gender, living situation, stroke characteristics and modified Rankin Scale (mRS) was obtained from stroke registry data. The mRS is a scale that measures the degree of disability or dependence in activities of daily living (ADL). 19 The scale ranges from 0 to 6 ('perfect health to death') and is widely used internationally throughout hospital services.
A sub-sample of 40 persons provided the consent to participate in a test-retest study at 12 months post-stroke onset, as stability in disease functioning and HRQOL scores may be presumed. 20, 21 Among the 40 recipients of the SS-QOL at 12 months, 36 responded within the desired timeframe. We readministered the tool within 7 days from the date of the first administration. The COSMIN guidelines (consensus-based standards for the selection of health measurement instruments) were used as a checklist in the validation process. 22 
Predefined hypotheses
As suggested by Mokkink et al., 22, 23 we predefined hypotheses for the directions and magnitude of construct relationships (i.e. correlation patterns and sizes) based on the available literature or, alternatively, a priori consensus discussions between two of the authors (S.G.P and A.A.). Construct validity was considered supported if ≥75% of the results were in correspondence with these hypotheses. 24 Convergent validity was established by comparing the linear association of the individual domain score with the score of an established outcome measure for that specific domain. None of the established measures covered the Vision and Language domains, and these domains were thus tested with single items from the Norwegian National Stroke Register. In the first three columns of Table 2 , the domains and corresponding outcome measures (all previously validated in Norwegian), as well as the predefined hypotheses regarding construct relationships, are presented. We expected significant positive correlations between related HRQOL constructs. We expected negative correlations between the SS-QOL domain scores (i.e. Energy, Mood and Personality and total score) and measures of global psychological distress and depression (Hospital Anxiety and Depression Scale: total and depression score). No significant correlation was expected between the SS-QOL score and participants' gender.
Measurements
Stroke-Specific Quality of Life (SS-QOL) scale, version 2.0, by Williams et al. 11 consists of 49 items covering 12 domains: Mobility, Energy, Upper Extremity Function, Work and Productivity, Mood, Self-Care, Social Roles, Family Roles, Vision, Language, Thinking and Personality. Each domain is measured by three to six items using a 5-point (1-5) Likert scale (higher scores indicate better function). An average non-weighted raw score for each domain can be generated. The overall SS-QOL summary score is most often used as the primary outcome, although the separate domain scores are helpful for identifying specific areas that are affected by stroke or that improve the most or least over time. 11 The validity of the SS-QOL has been examined when administered by telephone, 25, 26 self-report and mail 14 and with proxy responders. 17, 27 The Quality of Life After Brain Injury, Overall Scale (QOLIBRI-OS) is a brief HRQOL index originally constructed as a self-report scale for persons with TBI. 28 The QOLIBRI-OS measures six functional areas using single-item questions assessing the following: (1) physical condition, (2) cognition, (3) emotions, (4) function in daily life, (5) personal and social life and (6) current situation and future prospects. Each item is scored from 1 ('not at all') to 5 ('very'), and the sum score is arithmetically converted to a percentage score from 0 to 100 (worst-best). 28 The QOLIBRI-OS has demonstrated good validity and reliability in persons with TBI 29 and subarachnoid haemorrhage 30 and was recently validated for use in persons with stroke.
The EuroQol Quality of Life Scale-5D (EQ-5D) is a generic HRQOL measure that evaluates five dimensions: mobility, self-care, ADL, pain, and anxiety/depression. Self-ratings were categorized into three groups in relation to possible levels of problems (1 = no, 2 = mild/moderate, and 3 = severe). 31 It is possible to assign health-state utility indices based on different value sets, although according to the literature, 32, 33 construct validation should be performed on descriptions of the five dimensions and not the preferencebased index that can be derived from the measure. In this study, we used individual dimensions to test the construct validity. The total score was used to test the convergent validity of the total SS-QOL scale. The EQ-5D has been evaluated extensively in different cultures and languages, and it was designed to be self-administered and quick enough to complement other quality of life measures. 31 EuroQol Visual Analogue Scale (EQ VAS) is the second part of the EQ-5D questionnaire. The participants rate their state of health by drawing a line from a box marked 'Your health state today' to a point on the VAS scale, which ranges from 0 to 100 (worst to best imaginable health). 31 Hospital Anxiety and Depression Scale (HADS) consists of 14 items that assess non-vegetative symptoms of depression (7 items) and anxiety (7 items). It can be used to reliably and validly detect these two mental health states. 34 The HADS has been used as a screening tool in several languages and is particularly suited for hospital populations, 35 including persons with stroke. 36 It uses a response scale of 0-3 (higher is worse). Subscale sum scores range from 0 to 21, 34 and a cutoff score ≥8 has been used to indicate a potential diagnosis of depression 37 in Norwegian samples. The total HADS score (range 0-42) can additionally be considered a global measure of psychological and emotional distress. 38 Stroke registry data. To test convergent validity, responses to the ADL questions 'Mobility' and 'Getting dressed' from the Norwegian National Stroke Register were used, as well as 'Problems with vision' and 'Problems speaking' (not present prior to stroke).
Translation and cross-cultural adaptation
The translation process followed standard guidelines, which included forward-backward translation, expert validation and field testing. 39 Three bilingual translators conducted independent forward translations from English to Norwegian.
A multidisciplinary, bilingual committee of four health professionals, all with a neurological background and special competence in stroke, prepared a reconciled Norwegian language version from the translations. The committee also reviewed the introductory statements and the instructions for the questionnaire. Three independent, bilingual health professionals performed the back translations from the Norwegian to the English version. Disagreements were resolved through discussion, and the discrepancies resulted in small changes to the Norwegian version, explained below. In the English version, the response categories for the domains Mobility, Upper Extremity Function, Self-Care, Vision, Language and Work/Productivity were 'Couldn't do it at all', 'A lot of trouble', 'Some trouble', 'A little trouble' and 'No trouble at all'. In Norwegian, trouble and difficulty have the same meaning, but difficulty is more commonly used. This modification was made based on the different back translations generated. As in the Danish version, 14 the response category for 'personality' in the additional psychometric section of the questionnaire was altered to obtain a more appropriate response in Norwegian. Explanatory examples within the items were excluded in the Norwegian version. To ensure that the translation was fully comprehensible, four participants admitted to a stroke unit were asked to complete the questionnaire and provide feedback if they found any item, response category or instruction unclear or misleading.
Statistical analyses
All analyses were conducted in SPSS 23. The distributional properties of the subscales were examined visually and parametrically (e.g. kurtosis and skewness). The descriptive data were presented as the means, standard deviations (SDs) and ranges or as proportions. Chi-square (or Fisher's exact) tests were used to compare categorical data, whereas independent-sample t-tests were used to compare the mean differences between two groups. Non-normally distributed data were examined with non-parametric statistical analyses (e.g. Mann-Whitney test). Occasionally missing items were replaced with the mean of the subscale if less than three items were missing. The internal consistency of the SS-QOL total and domain scores were examined by calculating Cronbach's alpha values (higher than 0.7 are preferable). 40 Floor and ceiling effects were calculated as the percentage of participants with the minimum or maximum score in each domain. Floor and ceiling frequencies higher than 15% were considered substantial. 24 Item-total correlations within the range of 0.4-0.9 were considered acceptable. 41 Testretest stability was examined by two means: (1) Spearman's ρ, to quantify the magnitude of the relationship between the scores on the first and second administration, which should preferably surpass 0.7, 24,40 and (2) intra-class correlation coefficients (ICCs), to assess stability in the use of the response scale by comparing the consistency with absolute agreement estimates. The ICC should also surpass 0.7. 24 A distribution-based method was used to calculate the standard error of measurement (SEM). The formula was based on Cronbach's alpha and the SD. 42 
Data quality
All primary missing data were recorded and summarized for each item in the SS-QOL questionnaire. Missing data were collected from participants by telephone when possible, and when not, the mean of the domain score was used as a replacement when only one or two items were missing from the total scale. SS-QOL questionnaires with more than two missing were not included in the study.
Ethics
This study was conducted according to the Helsinki Declaration regarding informed consent and confidentiality.
The Regional Norwegian Ethical Committee Health Region North approved the study (2013/1461).
Results
Translation
The forward-and back-translation process confirmed a satisfactory match in semantic meaning between the original and the back-translated SS-QOL items. The few exceptions were resolved through consensus discussion, which resulted in removing explanatory examples and revising the layout, for example.
Missing data
The degree of missing data in the SS-QOL was very low (1.4%), and these data were replaced by consulting the participants or using the domain mean ( Table 3 ). The most frequently missing item was 'I had sex less often than I would like', which was in the Social roles domain.
Ceiling effects
The SS-QOL total score had an acceptably low ceiling effect (8.8%), whereas all the domain scores had ceiling effects surpassing the 15% limit ( Table 3 ). The domains Self-Care, Vision and Language had considerable ceiling effects (above 50%). Conversely, floor effects were predominantly absent.
Reliability
The domains of the SS-QOL scale showed acceptable and good internal consistency, with Cronbach's alpha coefficients ranging from 0.79 to 0.93. The alpha value for the SS-QOL total score was 0.97. The item-total correlations ranged between 0.44 and 0.83 for all 49 items.
In all, 36 participants returned the retest, enabling an examination of the measurement stability. The test-retest stability was generally good, as Spearman's correlations were all high (Table 3) , except for in three domains with coefficients below 0.7 (Thinking (ρ = 0.65), Energy (ρ = 0.66) and Vision (ρ = 0.35)). The ICC values were excellent for all domains. The differences between the consistency and the absolute agreement-based ICC estimates were minor, thus indicating that participants interpreted the response scale similarly at both measurement occasions.
SEM
The SEMs are presented in Table 4 and indicate the smallest degree of change in the total or domain score that reflects a true change in the construct, that is, not confounded by measurement error. A change score of at least one SEM represents the smallest margin that can indicate a minimally clinically important difference. 42 As expected, the minimally required change scores were higher for the domain scores than the SS-QOL total score. These values that can be used as guidance in studies investigate change over time.
Construct validity
The correlations between the SS-QOL scale and the criterion-related measures are presented in Table 2 , as are the hypothesized directions and magnitudes. As many measurements had ordinal scales and a few criterion-related variables were based on a single item, an ordinal correlation metric was preferred. All observed coefficients corresponded with the hypothesized correlations.
Discussion
This study examined the psychometric properties of the Norwegian version of the SS-QOL scale. The reliability, in terms of consistency and test-retest stability, was good. The construct validity was also supported, as the SS-QOL total and domain scores correlated as expected with the criterionrelated measures.
Validity
The COSMIN panel defines validity as 'the degree to which an instrument truly measures the construct it purports to measure'. 43 Validity is a broad concept that can be distinguished into content, criterion and construct validity in the context of questionnaire validation. 41 Determining the content validity of the SS-QOL involved a subjective critical evaluation of whether the SS-QOL items reflected a representative selection of indicators measuring the intended concept. The content validity of the SS-QOL has been well documented by others 11 and was not re-evaluated here. Rather, we focused on the construct, or more specifically, the criterion validity of the SS-QOL by examining whether it was positively correlated with the EQ-5D sum score, specific EQ-5D domains, EQ VAS and QOLIBRI-OS as expected (convergent validity) and negatively correlated with the HADS total score and HADS depression score (divergent validity). 41 Convergent and divergent validity. The SS-QOL scale is a comprehensive measurement, and as recommended in the COS-MIN guidelines, 22 we hypothesized the magnitudes and directions of the correlations for all the specific domains and for the total SS-QOL scale against related measurements. The Vision domain had a lower correlation than estimated, whereas all other correlations were as expected or higher than expected, supporting the construct validity of the questionnaire (Table 2) .
Reliability
Internal consistency. The reliability, or internal consistency, of the domain and total SS-QOL scores were high. The degree of consistency reported in this study was comparable and slightly higher than that reported by Williams et al., 11 Muus et al., 14 and Hsueh et al. 18 Of the 12 domains, 7 had alpha values >0.90. The observed differences were most likely related to variances in sample size and sampling procedures. Our study included more participants than the study by Williams et al., 11 for example, and likely a more heterogeneously composed sample than those of the abovementioned studies. Most of the participants had mild-or moderate-severity stroke, similar to corresponding studies. 11, 14 However, our study did not exclude persons with more severe stroke, with aphasia and/or cognitive problems or with comorbidities. Our more heterogeneous sample may partly explain the higher alpha values. 41 According to de Vet et al., 41 Cronbach's alpha values above 0.90 may indicate redundancy of items and suggest the need to shorten the scale. However, since the domains of the SS-QOL scale consist of three to six items, we would not recommend this approach.
Test-retest reliability. The test-retest reliability of the SS-QOL was satisfactory, with only three domains showing values below 0.7 (Table 3) . Other SS-QOL validation studies using the same test-retest timeframe (1-2 weeks) displayed correlations from 0.71 to 0.96 16 and 0.65 to 0.99. 14 The Vision domain was again problematic, showing the lowest test-retest correlation with Spearman's rho of 0.35 (p < 0.05).
One of the items 'Did you have trouble reaching for things because of poor eyesight?' might have been ambiguous to the participants, as it may convey two meanings: physical problems with reaching for items independent or dependent of eyesight. 'Trouble reaching for things' after a stroke can be related to sensory motor deficits or other perceptual and cognitive impairments such as apraxia, agnosia, neglect or other visuospatial challenges. It may be difficult for persons with stroke to establish the reason why they are experiencing difficulties. As some of the included participants reported vision problems, this health problem should not be overlooked, and a future approach may be to improve the clarity of this question. The psychometric properties of the Vision domain were not satisfactory, and we suggest rephrasing at least one of the three items and then re-validating the domain. The Energy and Thinking domains also had test-retest coefficients below 0.7, which may reflect a true day-to-day fluctuation (e.g. the need to rest, various levels of ability to concentrate) rather than an unreliable domain, as Cronbach's alpha values were satisfactory. The high reliability and the low SEM scores in several of the domains in our study, all below 0.5 SD, indicate that the SS-QOL scale is highly suitable for assessing individual participants' HRQOL, as well as in researching HRQOL among stroke survivors.
Quality of data. The data quality in this study was good, with a low amount of missing data. As noted by others, for example, Muus et al., 14 the item 'I had sex less often than I would like' (Social Roles domain) had the largest number of missing responses (15%, n = 19). This item might be considered less relevant or too sensitive or private for some of the participants. Another item, 'change in personality' (prior to stroke), was also often incomplete. Personality changes can be difficult to assess by the individuals themselves, or the question might be too sensitive to answer. Another possibility, also noted by Muus et al., 14 is that the layout of the questionnaire, with this particular item separated from the others, could make it easier to overlook. Overall, the high data quality indicated that the SS-QOL questionnaire was understandable and easy to complete.
Floor/ceiling effects. Less than 9% of the total SS-QOL scores exceeded the ceiling threshold, which may be considered acceptably low. The ceiling effects of the domain scores were higher but on par with previous findings, 11, 14, 18 ranging from moderate to high. A ceiling effect was particularly present for the Vision domain (62.7%), as Muus et al. 14 also reported. The variations in ceiling effects reflected areas that were more or less affected by stroke. The observed ceiling effect in the Vision, Language and Self-Care domains may indicate that these areas are less frequently affected among the responders in this stroke population.
As persons with stroke are a heterogeneous group with various and different degrees of symptoms, some degree of ceiling (or floor) effects is expected. These effects may be problematic because they weaken the ability to distinguish participants in the higher (ceiling) or lower (floor) levels of the construct, whereas the middle area is less affected. However, a high score within an SS-QOL domain simply reflects normal functioning within this area, and according to de Vet et al., 41 when a large proportion of the population has no functional problems, it should not be considered a ceiling effect. In contrast, a lower score may indicate a particular functional problem within a domain. Due to the considerable heterogeneity in the symptoms and functional consequences of stroke, ceiling (or floor) effects are normally more present in domain scores than the total score, and thus, the total score is more suitable for measuring changes in the follow-up period than the domain scores.
Limitations and strengths of the study
As reported in previous studies, 11, 14 most of the respondents had mild to moderate stroke. Although some eligible stroke survivors were lost due to administrative errors, we consider the study population reasonably representative for measuring HRQOL following stroke.
The convergent and discriminant validity, as indicators of construct validity, is a strength of the study, which tested predefined hypothesis and expected associations among similar and dissimilar measures as recommended in the literature. 40, 41 For two domains in our study, the only available option was to correlate the SS-QOL domain with a single-item question from the Norwegian National Stroke Register. It could be argued that these questions are not as valid as a validated questionnaire, though the directions of the correlations were as expected in these occasions as well. Our choice of measurements did consider respondent burden, and we thus chose measurements that were practical, not too extensive, and appropriate for HRQOL assessment post stroke in this population.
Examining the discriminative validity of the SS-QOL using factor analytic methods was not deemed appropriate in this study due to the low subject-to-item ratio. The large number of items and particularly the large number of latent factors (12 domains) would require a considerably larger sample size to achieve satisfactory statistical power. 44 Due to the low power in this study to test such complex models, the risk of type II error would be unduly high. The 12-domain factor structure has previously been examined using confirmatory factor analysis in a sample of 388 stroke survivors, and the results supported the current factor model. 18 
Conclusion
The Norwegian version of the SS-QOL scale is an instrument with good psychometric properties. It is suited for use in health research as well as in individual assessments of persons with stroke.
Clinical messages
• Our results support the Norwegian version of the SS-QOL scale as an instrument with good psychometric properties.
• Construct validity of the scale is well supported.
• The instrument is applicable, understandable and easy to complete.
• The SS-QOL scale is suited for use in research as well as in assessments of individual stroke survivors.
